Abstract In the past 2 years, Zika virus has emerged from obscurity onto the world stage-traversing and transcending clinical specialties, basic science disciplines, and public health efforts. The spread of Zika virus has serious implications for the specialty of reproductive endocrinology and infertility. Our patients, practices, and labs-worldwide and specifically in the USA-have been impacted by this teratogenic, sexually transmitted, largely asymptomatic virus. While the World Health Organization's Public Emergency of International Concern designation has lapsed as major epidemics have subsided and understanding of risks is in part clarified, the acute and long-term threat to pregnant patients is not over. The risk of wider spread in the USA is not insignificant, the subtler and long-ranging consequences beyond microcephaly are not fully known, large geographic areas of risk still contain naïve populations, and whether Zika will continue to be an intermittent risk in endemic areas is uncertain. Staying up to date with the burgeoning research on Zika virus is an important objective for the infertility specialist. Here, we review in detail the most relevant recent developments, discuss applicable guidelines, and propose strategies for contributing to a reduction in the risk and burden of Zika virus.
Background
On 1 February 2016, the World Health Organization (WHO) announced that the Zika virus (ZIKV) epidemic and its association with Guillan-Barré syndrome (GBS) and microcephaly constituted a Public Health Emergency of International Concern (PHEIC) [1] . The WHO removed ZIKV from PHEIC status as of November 2016 [2] , while stating that the ZIKV threat requires a long-term coordinated response. The seminal review by Musso and Gubler details the emergence of ZIKV from obscurity in Uganda in 1947, the first outbreak in Yap Island in 2007, a larger outbreak with the first GBS and microcephaly cases in French Polynesia in 2013, its introduction to Brazil beginning 2014, to PHEIC in 2016 [3] .
Zika virus symptoms
In a sample of 557 of Yap Island's 7400 residents, 73% showed evidence of infection with ZIKV by IgM antibodies. Thirtyeight percent of ZIKV IgM-positive residents had clinical symptoms such as fever, rash, conjunctivitis, and arthralgia, compared with 19% of ZIKV IgM-negative residents, indicating that an estimated 19% of ZIKV symptoms could be attributed to ZIKV [4] . This led to the dogma that 80% of ZIKV infections are asymptomatic. This estimate of symptomatic infections may be low based on more recent studies with conflicting results. In a study of asymptomatic blood donors who screened positive for ZIKV in French Martinique, 55% became symptomatic by telephone follow-up 7 days later [5] . In a study on French Polynesian residents with serologic evidence of ZIKV infection, 57% (2013-2014, n = 196) and 47% (2015, n = 700) of the general population, and 71% (n = 476) of schoolchildren reported prior clinical symptoms; however, symptoms in people with negative serology were not quantified [6] .
Best estimates of the ZIKV incubation period before symptoms are 3.5 to 10 days, then symptoms may last a few days to a week [3] . In an effort to standardize the classification and reporting of ZIKV cases, the WHO published case definitions for ZIKV disease: clinical criteria are met if fever or rash is present in addition to either arthralgia, arthritis, or conjunctivitis [7] . The Centers for Disease Control and Prevention (CDC) case definition of ZIKV infection differs in that any patient having at least one symptom meets clinical criteria for algorithm and guidance purposes. However, local and state health jurisdiction guidelines may have additional requirements to qualify for testing based on symptoms [8] . In Oklahoma, for example, two of four symptoms (fever, rash, conjunctivitis, arthralgia) are required to meet clinical criteria for ZIKV screening purposes [9] .
Zika virus transmission
ZIKV is a flavivirus (molecular taxonomy classification) and an arthropod-borne virus (acronym: arbovirus) that is transmitted by the Aedes aegypti and Aedes albopictus species of mosquito [3] . Unlike other arboviruses, non-bloodborne transmission of ZIKV including sexual transmission is possible and increasingly reported in the literature: a prior systematic review summarized 10 reports regarding the presence of ZIKV in genital fluids and specific modes of sexual transmission [10] , an updated systematic review on the topic included 33 of such reports [11] .
Symptomatic male-to-female vaginal sexual transmission is the most frequently published mode of sexual transmission. The first case occurred in 2008, and this case reported that sexual transmission may have occurred just before symptom onset in the male [12] . Sexual transmission occurring as long as 34-41 days after the onset of symptoms in the partner has been reported [13] . Oral sex transmission, male-to-male transmission, and female-to-male transmission have been documented, primarily in isolated case reports [11] . No femaleto-female transmission has been reported. The first asymptomatic male-to-female transmission was detected in France due to screening guidelines for the couple utilizing assisted reproductive technologies (ART) [14] ; at least two additional asymptomatic sexual transmission cases have been reported [11] .
ZIKV RNA has been detected in semen by reverse transcriptase-polymerase chain reaction (RT-PCR) from days 3 to 188 after symptom onset, and the longest ZIKV which has been cultured from semen is 69 days [15] [16] [17] . The largest cohort of ZIKV-confirmed symptomatic males with semen samples in the literature comes from Puerto Rico [18] . Models based on these 55 semen samples suggest that the 95th percentile of time until loss of ZIKV positivity by RT-PCR for semen is 81 days (95% CI, 64 to 98). However, that study and other case series have detected ZIKV in semen by RT-PCR in only 50% of males positive for ZIKV infection by serum tests [19] . When similar modeling was applied only to those who initially tested positive for ZIKV in the semen (n = 33), the 95th percentile of time until loss of ZIKV positivity was 99.9 days (95% CI, 75.4 to 124.6) [18] .
Of concern, one negative semen RT-PCR test does not guarantee loss of positivity: the second longest report (185 days) of ZIKV by RT-PCR in semen [20] as well as a report of ZIKV in a vasectomized male with confirmed azoospermia [21] showed that semen tested negative in between two positive tests.
The review by Moreira et al. included seven women with ZIKV detected by RT-PCR up to day 13 after symptoms in female genital secretions, including endocervical swabs, cervical mucus, and vaginal samples [11] . While ZIKV RNA was detectable, ZIKV could not be cultured from female genital secretions [22] . The largest study of ZIKV testing in female genital secretions to date found that 28 of 59 pregnant women at risk of ZIKV infection during the outbreak in Ecuador had positive ZIKV detected in Pap smear specimens. Twenty-five of these women also had ZIKV-positive serum [23] .
Probable transmission by blood products is under investigation in Brazil [24] , and blood in the continental USA has screened positive in donors from states with local mosquito transmission [25] as well as states without local transmission [26] . Needlestick transmission in a research lab as well as close personal contact transmission between a highly viremic patient and his family member have also been documented in the USA [27] . One report has found ZIKV virus by culture in breast milk [28] . However, artificially ZIKV-spiked breast milk loses its infectivity when simply stored for 3 days or when pasteurized [29] .
Congenital Zika Syndrome
Based on the accumulation of evidence-including that which fueled the PHEIC-and using Shepard's criteria for teratogenicity and causation [30] an April 2016 report demonstrated that a causal relationship exists between prenatal ZIKV infection and microcephaly and other brain abnormalities [31] . Using a different methodology (Bradford-Hill criteria) [32] , a study published February 2017 again came to the same conclusion [33] .
The collection of anomalies that is both consistent and unique to pregnancies exposed to ZIKV is called Congenital Zika Syndrome (CZS). CZS includes severe microcephaly with a partially collapsed skull, thin cerebral cortices and subcortical calcifications, posterior ocular anomalies, congenital contractures, and neurologic sequelae including hypertonia [34] . Intrauterine growth restriction and low birth weight have also been reported [35] .
French Polynesia data estimated the microcephaly risk at 1% of first-trimester-exposed fetuses, while an analysis of Brazil data estimates the first-trimester exposure microcephaly risk at 1-13% (depending on the true infection rate and whether there was over-reporting) [36] . Prospective cohort studies of ZIKV-exposed pregnant women in French Guiana and Brazil have reported central nervous system (CNS) ultrasound abnormality rates of 9% (vs. 4% in control) [37] and imaging or clinical abnormality rates of 42% (vs. 5% in control) [38] , respectively.
The first report from the continental USA and Hawaii Zika Pregnancy Registry (USZPR) found birth defects in 6% of ZIKV-positive pregnancies, with similar percentages from symptomatic and asymptomatic patients [39] . Four percent of infants had microcephaly specifically, representing an approximately 30-fold increase from baseline [40] . Of pregnant women with laboratory evidence of infection specifically in the first trimester, 11% reported birth defects potentially associated with ZIKV [39] . The sample size was more than doubled (from 442 to 972) in an updated USZPR report including pregnancies completed through December of 2016 and the finding of a 10% birth defect rate in ZIKV-affected pregnancies was covered in the popular media [41] . Indeed, in laboratory-confirmed ZIKV-infected mothers, 10% of infants (24/250) had birth defects associated with ZIKV. When all mothers were included, adding those with some evidence of recent flavivirus exposure (possible ZIKV infection) but not meeting CDC's definitions for confirmed ZIKV, the proportion was 5% (51/972) [40] . Data on microcephaly alone were not released in this update. Of critical importance to clinicians providing guidance: the highest proportion of birth defects was in mothers infected in the first trimester with laboratoryconfirmed ZIKV: 9/60, or 15%, with a 95% confidence interval of 8 to 26% [40] .
However, neurological risk is not exclusive to the first trimester. From Brazil, there have been two reported cases of neurologic abnormalities after exposure at 36 weeks [42] , and the Brazilian prospective cohort study found 29% of pregnancies infected in the third trimester had adverse outcomes [38] . Neurological sequelae are not limited to microcephaly at birth. A case series of 13 non-microcephalic neonates born to ZIKVpositive mothers in Brazil described brain abnormalities associated with ZIKV: most also had head growth deceleration that led to postnatal microcephaly [43] .
Whether miscarriage and intrauterine fetal demise are increased after ZIKV infection remains unknown; a case series has described three second-trimester miscarriages potentially associated with ZIKV infection [44] and the French Guiana prospective study found a statistically significant increase in IUFD after the second trimester in ZIKV-positive pregnant women compared with controls: 3% vs. 0.75% [37] .
In vitro, stem cell, animal models
In the early stages of the ZIKV epidemic, there was uncertainty about the cause of the increased rate of microcephaly. BFake news^stories initially claimed that the larvicide pyriproxyfen and its manufacturer were responsible for Brazil's microcephaly spike [45] . A zebrafish model exposed to pyriproxyfen found no CNS abnormalities, specifically examining neural stem cells, neural development, and brain volume [46] . ZIKV stem cell research has increased understanding and raised additional questions about viral pathogenesis [47] . Neural stem cells, neurospheres (model for very early neurogenesis) and brain organoids (model for neocortex development in the first trimester) derived from human-induced pluripotent stem cells infected by ZIKV demonstrated cell death, impaired formation, and reduced growth, respectively [48] . AXL, a member of the TAM family of transmembrane receptor proteins involved in phagocytosis, is a favored candidate receptor for ZIKV entry into cells. However, AXL ablation does not protect cerebral organoids from ZIKV infection, so entry into cells is not yet fully understood [49] . Firsttrimester human organ culture models found ZIKV replicates in maternal decidua, damages the placenta, and infects the early umbilical cord and its mesenchymal stem cells [50] , while a similar model showed active replication in decidua and chorionic villi in the first trimester [51] .
Mouse models have led to advances in the understanding of ZIKV [52] ; however, immunocompetent mice infected peripherally with contemporary Asian ZIKV strains do not show effects, so immune modulation or bypass has been undertaken in various ways to model the human response. Some models have used African ZIKV strains adapted for mouse infectivity [53] ; others have used interferon knockout models [54, 55] or interferon receptor-specific antibody [53] , steroids [56] , or direct injection of target organs [57, 58] . Specifically related to sexual transmission and fetal consequences of ZIKV, murine models have demonstrated male-to-female sexual transmission [59] , that RNA persistence in semen outlasts infectivity [54] , and that pregnant female mouse exposure to vaginal ZIKV led to fetal brain infection [55] . While Duggal et al. reported that vasectomy in their mouse model reduced infectious semen [54] , the longest ZIKV has been cultured (69 days) in humans was in a vasectomized patient [15] .
Testicular tropism of ZIKV to spermatogonia, spermatocytes, and Sertoli cells, as well as significant architectural damage and infertility, has been demonstrated in ZIKVinfected male mouse models [53, 56, 57] . Again, these mouse models are not immunocompetent; in one steroid-suppressed model, recombinant interferon reduced the histologic effect of ZIKV on the testes [56] . Whether ZIKV-associated testicular damage or infertility will be seen in nonhuman primates or in humans remains to be demonstrated.
ZIKV has been demonstrated in the semen and testes of immunocompetent rhesus macaques [60, 61] , but architectural damage to the testes has not been reported. Intravaginal and intrarectal inoculation with ZIKV has high infectivity in macaques [62] . Fetal transmission of ZIKV has been modeled in a pigtail macaque (n = 1), which was inoculated with multiple injections of a relatively high viral load; virus was detected in the fetal brain, and there was arrested brain growth [52] . Pregnant rhesus macaques (n = 4) showed highly efficient maternal-fetal transmission, with evidence of slowed head growth velocity [63] .
A neutralizing human monoclonal antibody given to pregnant mice pre-or post-inoculation with Zika virus has been shown to reduce placental pathology, fetal brain infection, and fetal mortality [64] . Mouse models have been used to show protection from ZIKV in development of DNA vaccines [65, 66] , a live-attenuated vaccine [67] , and lipid nanoparticle-encapsulated nucleoside-modified messenger RNA (mRNA-LNP) vaccines [68, 69] . Chimeric ZIKV-DENV viruses induced protection from ZIKV infection in a mouse model and may also be a candidate for vaccine development [70] . Several vaccines have shown protection against challenge in rhesus models, including a mRNA-LNP vaccine [68] , purified inactivated virus, and DNAbased vaccines [65, 71] .
Vaccine protection in pregnant models (mouse or nonhuman primate) has not been published. Based on animal model success, clinical trials in healthy nonpregnant human volunteers have begun, with several currently recruiting in the USA (continental: NCT02937233, NCT02952833, NCT02963909; PR: NCT02887482).
Vaccine development and antibody differentiation for flaviviruses are made more difficult by flavivirus crossreactivity. In vitro assays show antibody-dependent enhancement (ADE) of ZIKV from dengue antibodies, dengue being a related flavivirus with similar epitopes [72] . The hypothesized mechanism for ADE is that dengue antibodies which are not neutralizing may enable ZIKV to enter targeted cells for replication, leading to higher viral loads. In a murine model of ADE using dengue and West Nile virus convalescent serum, ZIKV viral loads have been found to be higher in the blood, spinal cord, and testes [73] .
In vitro assays have been deployed to screen for therapeutic targets, both drugs already approved for human use for other indications as well as other compounds: Hamer et al. nicely review several of these studies as well as other aspects of ZIKV sexual transmission in their March 2017 publication [74] . Saiz et al. review investigations for ZIKVantivirals comprehensively; many drugs in current use have ZIKV-antiviral activity in cell culture, including unlikely ones such as sertraline and lovastatin [75] .
Guidelines Zika testing
Testing for ZIKV is done by molecular (RNA) or serologic (antibody) methods. In the USA, the Trioplex real-time RT-PCR is a laboratory test designed to detect ZIKV, dengue virus, and chikungunya virus RNA. The test has not been cleared or approved by the Food and Drug Administration (FDA), but the use of this test has been authorized under an Emergency Use Authorization (EUA) [76] . Additional molecular tests (also referred to as nucleic acid tests (NAT)) have been granted EUA for ZIKV by itself [77] . The interpretation of molecular and serologic tests is not straightforward and guidance published by the CDC in May 2016 is useful for those who order and receive these test results [78] . Timing is critical in determining the appropriate test; if a pregnant patient presents within 2 weeks of exposure (by travel or sexual contact) or within 2 weeks of symptoms, RT-PCR of serum and urine is appropriate [79] . If testing is initiated after 2 weeks, ZIKV antibody (IgM) is the first step. ZIKV IgM-ELISA results can be positive, negative, equivocal, or inconclusive. A positive, equivocal, or inconclusive test should be followed up with a plaque reduction neutralization test (PRNT) to differentiate between the flaviviruses: by a 10-fold higher ZIKV IgM titer than cross-reacting flavivirus antibodies [78] . However, PRNT is not always able to definitely identify the specific flavivirus, and for this reason, the test is not routinely recommended in Puerto Rico: dengue is endemic and likely to cause cross-reactivity in most cases [80] . The ubiquity of cross-reactive results makes PRNT less informative, also PRNT testing is resource intensive [81] . In pregnant women, RT-PCR is appropriate as a reflex test 2-12 weeks after exposure or symptoms if ZIKV IgM testing yields positive or equivocal results [79] , as extended viremia up to 14 weeks has been seen in pregnancy [82] . While a positive RT-PCR molecular test for ZIKV confirms disease in a person suspected to have ZIKV, a negative result does not exclude it [78] .
State health departments remain a critical link between providers and appropriate testing, but commercial tests are becoming more widely available [83] . The FDA EUAs for these tests specify that in the USA, commercial assays are only approved for patients meeting CDC testing criteria [77] .
Management of pregnancies at risk
Pregnant women at risk for ZIKV by virtue of travel to countries with local mosquito-borne transmission or whose sexual partner has traveled to at-risk countries should be tested for ZIKV, as above and detailed by CDC guidelines updated July of 2016 [79] . Appropriate and timely testing is critical in order to anticipate risk to the fetus and needed evaluations after birth, enroll patients appropriately in Zika pregnancy registries, counsel patients on options regarding continuation of the pregnancy, and secure patients' access to resources that are made available to ZIKV-positive pregnancies (which have yet to be fully defined). In addition to testing of pregnant women with isolated exposure, women who live in areas with local ZIKV transmission or who otherwise have ongoing risk should have IgM antibody testing in the first and second trimesters as part of a routine obstetric management. Local health officials are charged with the decision to implement testing for all asymptomatic pregnant women in their jurisdiction, based on levels of ZIKV transmission and laboratory capacity [79] .
Pregnant women who have been tested and have confirmed a possible or presumptive ZIKV infection should receive serial fetal ultrasounds (every 3-4 weeks) for growth and neuroanatomy (assessing for microcephaly, intracranial calcificiations, ventriculomegaly, arthrogryphosis, and abnormalities of the corpus callosum, cerebrum, cerebellum, and eyes). These women should also be enrolled in the appropriate ZIKV pregnancy registry: in the USA, this would be USZPR, the Puerto Rico Zika Active Pregnancy Surveillance System [79] , and/or the international registry. Local health departments should facilitate enrollment in national registries, but the international registry is open to all health care providers and aims to anonymously enroll pregnant women at risk of ZIKV, at any gestational age, before testing, in a prospective manner [84] .
Only pregnant patients who have had appropriate testing with evidence of no recent Zika infection are excluded from serial fetal ultrasounds; in this case, one routine prenatal screening ultrasound is still recommended, and if it shows fetal abnormalities consistent with CZS, repeat serologic and molecular testing is warranted [79] . At live birth or in the case of intrauterine fetal demise, placental pathology and testing for evidence of ZIKV infection is critical; this may provide the evidence confirming a possible ZIKV infection. The guidelines for testing of infants were updated in August 2016 [85] ; adherence to these guidelines has not been universal and should be encouraged [40] .
Preconception counseling, prevention of sexual transmission, and ART The most relevant guidelines to an infertility specialist in the USA are those applicable to couples attempting reproduction. In September 2016, the WHO, CDC, and American Society for Reproductive Medicine (ASRM) each released their most recent guidelines for this population, with differences in emphasis and some differences in recommendations ( Table 1) . As more information is gathered regarding sexual transmission and the pathophysiology of ZIKV, these guidelines have been and will continue to be updated.
The WHO [86] , CDC [87] , and ASRM [88] all recommend patient education on the risks of ZIKV in pregnancy, discussion of safer sex practices, and access to reliable contraception including emergency contraception. As applied in the guidelines, sex includes vaginal sex, anal sex, oral sex, and the sharing of sex toys. Safer sex includes correct and consistent condom use for vaginal, anal, and oral sex and nonpenetrative sex, reducing the number of sexual partners and postponing sexual debut. Safer sex or abstinence throughout pregnancy is specifically recommended to couples where a female is pregnant and her partner has had potential ZIKV exposure (WHO, CDC) or ZIKV infection (ASRM, WHO, CDC).
Of the three, WHO guidelines are the most conservative in their recommendations for deferral of pregnancy after either potential exposure or a diagnosis of ZIKV infection. For women and men at risk or with disease, a 6-month deferral is recommended before attempting to conceive. The CDC likewise recommends a 6-month deferral if a male partner is at risk or diagnosed with the disease; however, if the partner desiring to conceive is a female at risk, an 8-week deferral is recommended. In contrast with the WHO and CDC, ASRM differentiates its recommendations for patients with diagnosed Zika versus potential exposure. Like WHO, ASRM recommends a 6-month deferral if either partner is diagnosed with ZIKV infection. One caveat is that ASRM recommendations were released just before the CDC updated its female guidelines from 6 months to an 8-week deferral.
For all men and women attempting reproduction and at risk of ZIKV but without clinical illness, the ASRM guidance advocates that routine testing for ZIKV by RT-PCR should be made available. At this time, such patients would not meet CDC criteria for testing; only pregnant women or patients with ZIKV symptoms meet criteria. ASRM further recommends testing within 2 weeks of possible exposure and 8 weeks later, deferring attempts to conceive until both tests are negative. For patients at risk of exposure, testing at the time of infertility treatment, quarantine of gametes, and serum testing 8 weeks later, before transfer is suggested by ASRM as a strategy for infertility centers to reduce the risk of transmission of ZIKV to a pregnancy. ASRM also suggests that semen cryopreservation before potential travel risk in a male partner attempting reproduction may reduce pregnancy risk. WHO and ASRM both cite concerns that RT-PCR testing of semen is not validated and do not recommend it routinely, at the time of guideline release.
Semen processing techniques, while effective in reducing the risk of transmission of HIV [89] , should not be assumed to be effective in reducing ZIKV risk, ASRM cautions. A report of ZIKV RNA presence in the head of human sperm [90] raises concerns that processing may not remove ZIKV. Semen processing efficacy of human semen is the aim of a clinical trial in France that in December 2016 was no longer recruiting but had not yet published preliminary results (NCT02874456).
Guidelines for assisted reproduction in patients and providers vary by country. Brazil's initial regulatory guidelines published March 2016 required negative Zika testing (serologic) within 5 days of gamete collection [91] , which was reportedly found to be difficult, since serologic testing often took 7 days and RT-PCR was not always available [92] . The French guidelines were first published February 2016 and last updated in January 2017: they recommend waiting 2 months after potential ZIKV exposure or 2 months after a local epidemic is officially over before infertility treatment. In addition to serologic testing, RT-PCR testing of semen has a critical role in French decision-making algorithms for assisted reproduction. If any prior tests for ZIKV, including semen RT-PCR, suggest infection in the male partner, only semen that has been tested ZIKV negative by RT-PCR (requiring cryopreservation of the remaining sample while testing is completed) is recommended to be used for ART [93] . It was in adherence to French ZIKV-ART guidelines that the first asymptomatic transmission of ZIKV from male to female was reported [14] .
Gamete donation
FDA guidelines published in March 2016 recommend that potential gamete donors be considered ineligible if they have had a medical diagnosis of ZIKV infection in the past 6 months, if they have had possible exposure by travel or residence in an area with local ZIKV transmission in the past 6 months, or if they, in the past 6 months, have had sex with a male at risk or diagnosed with ZIKV in the 6 months prior to sexual contact [94] ; ASRM echoes this guidance. At issue are similar concerns that led to the FDA's recommendation in August 2016 to use the EUA Zika NATs for all blood donors: donors may be asymptomatic or not know they were in a geographic area of risk. Use of donor gametes or embryos collected prior to screening question implementation, and even afterward, do not have a zero risk of ZIKV, and patient consent should reflect awareness of this uncertainty. Highlighting this risk is the March 2017 CDC update encouraging sperm donor recipients from Southern Florida donors be made aware of increased risk [95] . With additional information gathered, it seems that local transmission may not have been restricted to Miami-Dade counties in Florida, and that nearby Broward and Palm Beach counties were also at risk in the summer of 2016.
Effects of guidelines on ART practice
The infertile population by definition has had their ideal pregnancy timing deferred by biological circumstance. To recommend or require these couples to defer pregnancy further is no [96] . Although the chances of infection will vary by whether a patient is at risk of local transmission or travel risk, the worst case scenario of not deferring infertility treatment is concrete. A recent report documented the first case of microcephaly in a fetus conceived by IVF [97] . In this case, the French couple living in Venezuela underwent IVF for infertility, achieved a singleton pregnancy, then at 10 weeks the woman presented with ZIKV symptoms and had positive ZIKV RT-PCR. Ultrasounds at 12 and 14 weeks were normal; at 19 weeks, there was isolated microcephaly. Additional brain abnormalities were detected at 21 weeks, and the pregnancy was terminated at 24 weeks. If the patient had stayed in Venezuela, she would not have had access to abortion services.
Role of the infertility specialist (Box 1) Educate
Whether infertility patients are trying to conceive or are newly pregnant, education regarding ZIKV is relevant to reduce their risk of having a pregnancy affected by the threat of congenital anomaly. Specific areas of patient ZIKV knowledge should be addressed: why it is important to them, who is at risk, how it can be prevented, what symptoms are, and how testing should be accomplished. Perhaps the most critical number to relate to patients is the fetal brain anomaly risk of 15% when labconfirmed ZIKV infection occurs in the first trimester [40] . Besides avoiding travel to known regions of transmission, mosquito bite avoidance is the only preventative strategy for vectoracquired ZIKV. Recent research suggests DEET is more effective than picardin at preventing mosquito bites and that ZIKV infection does not affect mosquito response to repellents [98] .
Patient handouts and posters are available through the CDC, American Congress of Obstetricians and Gynecologists (ACOG), and other entities. The CDC specifically permits redistribution of its materials with appropriate citation. The CDC has print materials (114 unique ZIKV-related items as of 21 Apr 2017) in multiple languages (up to 13, most have at least English, Spanish, and Portuguese) targeted to specific populations (including travelers, pregnant women, LGBT persons, health care providers) and prevention/testing strategies (including areas at risk, mosquito bite prevention, safer sex strategies) [99] .
Practice websites and social media accounts have been used by a minority of obstetric clinics to disseminate information about ZIKV [100] ; infertility clinic websites and social media accounts can and have provided similar information, though the prevalence of this is not quantified. Infertility practices should be aware that Mothertobaby.org is a valuable resource for both patients and clinicians, for all teratogens including ZIKV [101] .
Facilitate timely, appropriate testing
Timely, appropriate testing is of critical importance to accurate diagnosis of ZIKV and appropriate follow-up. Unfortunately, testing is complicated, and appropriate testing is not being completed universally: one particularly disheartening example of this is the 12% of infants with birth defects and 41% of all 442 completed pregnancies in the US Zika Pregnancy Registry that did not have testing of fetal or infant samples [39] . Referencing testing guidelines, using algorithms developed by the CDC, and knowing your health department contacts will be of assistance, but patient awareness and acceptance of testing recommendations are also potential critical factors.
Testing is also a limited resource: right now testing in the USA is only FDA approved for specific persons at risk, namely pregnant women and symptomatic travelers at risk. Absent from these populations are the asymptomatic men and women • Online tools from health organizations and professional societies travelers at risk trying to become pregnant or not preventing pregnancy.
Counter misinformation
In the current Information Age, infertility patients are often widely read and up to date with aspects of the literature, but this also exposes them to potential misinformation. Of particular harm to reproductive-age persons are the false and unsubstantiated reports of a link between pyriproxyfen and microcephaly as well as Banti-vax^propaganda. One recent, relevant example of this misinformation is the January 2016 position statement from the American College of Pediatricians (which is not the American Academy of Pediatrics) that B(HPV vaccination) could possibly be associated with the very rare but serious condition of premature ovarian failure,ŵ hile admitting that Bthere is no strong evidence of a causal relationship between HPV4 and ovarian dysfunction^ [102] . The American Academy of Pediatrics has online resource documenting the evidence that there is no link between autism and the Measles-Mumps-Rubella vaccination [103] . Fear of vaccines could impact the acceptance of an as-yet-unapproved ZIKV vaccine; countering vaccine misinformation is not just the role of pediatricians. Geography, education, and age will likely contribute to vaccine acceptance, but a survey in mid-2016 found that 53% (327/619) of Virginia University students would likely get a ZIKV vaccine when available [104] .
Develop clinic/laboratory policies
Until testing of semen and other genital fluids is validated, or routine serum screening is feasible, keeping ZIKV out of the lab is primarily a function of clinical screening of patients at risk. While the FDA has not yet made recommendations outside of donor tissue screening, a review published in September of 2016 includes the following lab-specific suggestions that are not found in CDC, FDA, or ASRM guidelines: use a ZIKV risk screening questionnaire for all patients undergoing infertility treatment and all men submitting semen samples to the lab; if CDC guidelines are not followed after extensive counseling, the specimen should be labeled and stored separately reflecting potential increased risk, and if liquid nitrogen is required, open carriers should not be used; and, perhaps the most radical suggestion, BIf we are not able to generate effective measures against ZIKV in a timely fashion, we may need to consider cryopreservation of screened specimens (gametes and embryos) for all couples residing in endemic areas^ [105] . This Washington et al. review was published before the mouse studies suggested testicular damage by ZIKV: to build on their suggestion, we may in the future be recommending fertility preservation of male specimens for both infectious and infertility risk, if murine findings are replicated in male humans.
Clinic and lab policies must be made considering several factors with many unknowns. If an infertility clinic switches from advising patients of the risk of ZIKV to directing [106] that infertility treatment will be deferred unless CDC guidelines are followed, this raises the question: will patients seek other facilities for treatment? Infertility treatment providers must consider the risks of lower volume against the risks of laboratory contamination and liability of helping a couple at risk of ZIKV achieve a pregnancy.
Advocate
By reducing unintended pregnancies, enhanced contraception access in the USA is modeled to reduce microcephalic births from ZIKV by 16% [107] . Increasing access to contraception in Puerto Rico during the ZIKV outbreak, projected to cost $33.5 million, was estimated to potentially reduce ZIKVrelated costs by $65.2 million. There are limitations to these projections, but multiple sensitivity analyses of alternate scenarios still yielded cost-effectiveness, if not cost-savings [108] . By June of 2016, 56% of Brazilian women reported avoiding or trying to avoid pregnancy due to ZIKV concerns [109] . However, contraceptive sales in Brazil showed little variation over the 2-year period before and after ZIKVassociated microcephaly warnings; condom use was not examined and long acting reversible contraceptive representation was very low [110] .
Advocating for contraception access and abortion access could have a very real impact on the long-term effects of ZIKV and microcephaly. This is an uphill battle in the USA and globally [111] . As reproductive endocrinology specialists and advocates for women's health and reproductive choice, we have a duty and an opportunity to make our voices heard.
Stay current
ZIKV has been a hot topic over the past year, and the pace of research and discovery makes reviews such as this one outdated by the time they are e-published. What follows are some suggestions for staying up-to-date with ZIKV and could be applied to other topics of particular interest. Online tools and resources The CDC has released a 46-page pdf Btoolkit^with guidance, algorithms, and factsheets targeted for use by obstetricians [112] . The CDC has published widgets (app-like algorithm programs designed to be embedded in web pages) for the general population called BKnow Your Zika Risk^and for providers called BPregnancy and Zika Testing^ [113] . The ACOG Btoolkitî s one website that includes the CDC's Pregnancy and Zika Testing Widget, as well as a linkable patient information video, links to infographics, and state contacts for testing and registry [114] . ASRM published in April 2016 the BZika Virus Guidance for Reproductive Care^eLearn activity, which is free for members.
Maps The CDC publishes several maps including an interactive world map [115] and US maps including detailed maps of locally acquired case areas [116] . The PAHO map is interactive and links to detailed ZIKV country reports for countries in the Americas [117] . HealthLandscape is a US map of travelassociated and locally acquired cases, with overlays including percent change from the previous week [118] . HealthMap is an interactive worldwide map/timeline of media and health organization reports [119] .
WHO published a classification scheme for countries' ZIKV risk March 2017 [120] ; this has not been incorporated into maps of risk areas so far but will be updated in future situation reports. The WHO classification describes four classes: class 1 is newly introduced, ongoing transmission area for ZIKV. Class 3 has a history of transmission, now interrupted, but future risk remains. Class 2 is anything that falls between class 1 and class 3. Class 4 has no history of transmission, but a competent vector exists therefore there is potential for future risk.
Research
The intersection of sexual transmission and pregnancy risk overlaps significantly with field of reproductive endocrinology and infertility. Many questions remain unanswered or partially answered about ZIKV, particularly in reproductive health and regarding sexual transmission of the virus. Several articles have highlighted these questions, specifically Gornet et to contribute to answering these questions from the perspective of a reproductive endocrinologist. As Richardson suggests, ZIKV risks may have an impact on women's leadership in global health [123] ; a parallel may be suggested regarding ZIKV bench or clinical research. While the risk of occupational exposure to ZIKV in a research lab should be quite low, there has been at least one documented case in the USA from a needlestick injury in a research lab [27] . It is plausible that female scientists and technicians could be deterred by their own or others' concern of risk or litigation from pursuing research questions or positions that could expose them to ZIKV. However, reproductive age males may too be deterred, as they harbor the risk of sexual transmission longer and may (unlikely, but potentially) be at risk for testicular damage. Researchers should facilitate awareness of appropriate precautions and of how ZIKV risk affects participation.
Conclusion
Understanding the ongoing threat of ZIKV, particularly sexual transmission and risk to fetuses, remains highly relevant to infertility specialists. The infertility patient population is enriched with those targeted by WHO, CDC, and ASRM guidelines to reduce ZIKV sexual transmission. Reproductive endocrinologists are uniquely positioned to have an impact in preventing ZIKV transmission and sequelae through education, research, and advocacy.
As of 7 June 2017, there have been 5011 travel-associated cases in US states [124] . Locally transmitted cases have been reported: 218 in Florida and 6 in Texas. Based on genomic epidemiology, at least four introductions-but potentially as many as 40-contributed to the local transmission in Florida, and local transmission likely started several months before initial detection [125] . Also, initial estimates of local transmission in Florida were modified with additional information reported 9 months later [95] . The virus' competent vectors are present in much of the USA, including Oklahoma in 2016 [126] . In other relatively naïve geographies with large populations at risk: ZIKV-competent vectors are present in China [127] , and India recently documented its first ZIKV cases [128] , a country which struggled to contain past dengue epidemics [129] . While public health efforts were successful in preventing widespread local transmission in the USA in 2016 [130] , this does not guarantee safety in the future of a fragmented and polarized public health climate [131] and delayed vigilance could have devastating consequences. With continued potential for outbreaks during the upcoming mosquito season in the USA, providers need to be prepared to help counter the threat ZIKV poses on public health.
